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Snow Roads and 


Ice Landings 


B. H:son AGER* 


Introduction 


Snow and ice problems in logging 
have been the subject of several stud- 
ies in’ Scandinavia in recent years. 
The aim of this paper is to review the 
results of some of these studies and to 
consider the application of these re- 
sults to Canadian conditions. The au- 
thor wishes to stress that the results 
reported from the Swedish investi- 
gations are preliminary. The investi- 
gations have just been completed and 
final reports are still being prepared. 
The studies have been sponsored by 
the Research Foundation SDA, The 
Forest Research Institute of Sweden 
and the Swedish Army. 

During the winter 1960—61, the 
author had the opportunity of becom- 
ing familiar with some of the Cana- 
dian logging conditions. Considera- 
tions of the application of Swedish 
experiences to Canadian conditions 
are based on this limited experience. 

Some figures on the forestry and 
logging operations in Sweden shall be 
given first as a background. These 
figures refer mainly to the northern 
and middle parts of Sweden, where 
snow and ice problems are of particu- 
lar importance. 


* Affiliated with The Forest Research In- 
stitute of Sweden and the Research Foun- 
dation SDA, Stockholm; NRC post-doctor- 
ate fellow, 1960—61 working with the 
Snow and Ice Section, Division of Build- 
ing Research, National Research Council, 
Ottawa. 
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The forest areas owned by an in- 
dividual, a company or the state, are 
normally very scattered. A division in 
a pulp company can, for example, 
have thirty woodlots ranging in size 
from 1 to 20 square miles. The logging 
operations on each woodlot are small 
and scattered also. Generally 100 
to 1000 cunits are taken from each 
single cutting area. About 80 per cent 
of the off-road transport is still done 
by horse; farm tractors with half- 
tracks and small crawler tractors make 
up the balance. The trend towards 
mechanization is, however, very 
strong. From this introduction it can 
be realized that in Sweden the equip- 
ment to be used for the preparation 
of roads and landings for a series of 
logging operations should preferably 
be very mobile. 


SNOW ROADS 


The term “snow road” is used here 
for roads for which trafficability 
properties depend mainly upon the 
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COMPACTOR 


Fig. 1.An example of the application of 
the frame steering principle to a vehicle 
towing a compactor. 
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compacted snow. The traditional and 
simplest way to prepare a snow road 
is to do it by the traffic itself. In 
many cases, however, it is necessary 
or economical to prepare the road us- 
ing special equipment. In the develop- 
ment of special equipment and vehi- 
cles to be used for preparing snow 
roads, attention is focused on mobil- 
ity, road breaking capacity and the 
quality of the road obtained after 
compaction. 


1. Description of Vehicles 
and Equipment 


1.1 Vehicles 


The vehicles used for road prepara- 
tion in Sweden are tractors in the 
1.5 to 3 ton and 25 to 40 horsepower 
class equipped with fulltracks or half- 
tracks of Alfta or similar type. Inves- 
tigations have been carried out for 
the purpose of improving the mobil- 
ity and tractive ability of existing ve- 
hicles used by the logging industry. 
The introduction of the articulated 
frame steering principle has contrib- 
uted the greatest improvement (1). 
Figure 1 shows an example of the ap- 
plication of frame steering to a com- 
bination vehicle and towed com- 
pactor. This system enables the trac- 
tor to turn with the compactor in tow, 
provided, of course, that the com- 
pactor is not too light. This same 
steering system can be used for a 
vehicle and sled or trailer combination 
for timber transport. Some further im- 
provement in mobility and tractive 
ability has been achieved through im- 
proved track design. 
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Fig. 2. The powered roller of Swedish design. 


Fig. 4. The “Snow Whip” (older model driven from the power take-off of the tractor). 
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1.2 The Power Take-off Driven Roller 


There are today many types of 
simple, towed rollers in use (2). The 
limiting factor for the use of all these 
rollers is the tractive ability in deep 
snow of the towing vehicles usually 
available. The powered roller was de- 
veloped with the aim of producing a 
piece of equipment that would oper- 
ate under a greater range of snow 
conditions than the conventional roll- 
ers (Fig. 2). The present design of 
the roller is of the open type. The 
drive is through a worm gear mount- 
ed on the roller axle. A regulator of 
clutch type is incorporated between 
the power take-off and the worm gear 
to prevent the latter from breaking. 
This type of roller has, when designed 
for towing vehicles in the 1.5 to 3 ton 
class, a weight of about 1000 pounds, 
a diameter of 36 inches, and a width 
varying from 50 to 70 inches. The 
roller mixes and compacts the snow to 
about 55 to 65 per cent of the original 
depth. If the tractor gets stuck in deep 
snow, the roller will normally grip the 
ground and produce some tractive ef- 
fort, thus helping the tractor forward. 
A considerable increase in this effect 
is achieved if the roller is equipped 
with steel knobs around its periphery. 


1.3 The Vibrating Compactor 


Vibrating rollers have been found 


very useful for the compaction of 
soils and they have, to a great extent, 
replaced conventional static rollers. 
Vibratory compaction of snow has 
been tried to a limited extent only. 
The roller is, for various reasons, not 
suitable for vibratory snow compac- 
tion. For snow, the vibration principle 
has been used with the packing sheet 


type of compactor (Fig. 3). Two 


types have been tested in Sweden: 


Type I—Weight 1.6 tons, width 8 
feet, powered by a 16 horsepower 
Wisconsin air-cooled engine giv- 
ing a vibration amplitude of 2.5 
mm. 

Type I]—Weight 0.6 tons, width 6 
feet, powered by an 8 horsepower 
Wisconsin air-cooled engine giv- 
ing a vibration amplitude of 1.7 
mm. 


The vibrations are produced by ec- 
centric discs mounted on a horizontal 
axle on the compactor. 


1.4 The “Snow Whip,’ 


It is a well-known fact (3,4) that 
mixing and pulverization followed by 
compaction is a very effective way 
of giving high densities and strength 
in snow compaction. The “Snow 
Whip” is a Swedish machine based 
on this principle (Fig. 4). For one 
model, the snow processing is done 
by chains mounted on an axle that is 


driven by a 10 horsepower air-cooled 
diesel engine. The processing part is 
covered with a steel canopy to which 
is connected a packing sheet that com- 
pacts the snow and supports the 
equipment. The total weight of this 
compactor is about 1300 pounds and 
its width is 70 inches. 


2. Mobility and Road Breaking 
Capacity 

Observations have been made (5), 
on the rate at which different trac- 
tors, towing various compactors, will 
travel in virgin snow of about aver- 
age density (between 0.15 and 0.25 
gm/cm‘*). 

The observations were made for 
different grades and snow depths typ- 
ical of average forest terrain in North- 
ern Sweden. The results obtained for 
a Fiat 25 CF, that is comparable to 
an OC 4, equipped with Alfta tracks, 
are shown in Fig. 5. The given rates 
(miles per 8-hour day) are based 
mainly on measurements made dur- 
ing the preparation of actual logging 
roads. The rate is the average of both 
uphill and downhill conditions and 
delay times are included. Within the 
dotted intervals, the mobility under 
certain snow and temperature condi- 
tions is sometimes questionable. If a 
loaded packing sheet is coupled to the 
powered roller, the production is re- 
duced by 20 per cent. 

The open roller cannot generally be 
driven in wet snow or dry snow on 
very wet ground because it will be- 
come plugged with snow. The vibrat- 
ing compactor and the Snow Whip 
are normally not hampered by these 
snow conditions. 


3. Compaction—Tratficability 


There is a great variation in the 
trafficability or quality of the snow 
road required for different transporta- 
tion vehicles. There is also a great 
range in the road quality that is ob- 
tained with different compaction 
equipment and methods. A very rough 
picture of the relationships involved 
in these questions (5), is given in 
Figs. 6 and 7 and Table I. 

Figure 6 shows the relationship 
between the trafficability 24 hours 
after compaction and the temperature, 
for different densities of the compact- 


TABLE I 


THE DENSITY REQUIREMENTS FOR 
FULL TRAFFIC CAPACITY FOR DIF- 
FERENT VEHICLES 


Vehicle Density 
0.55 — 0.65 
0.538 — 0.57 


Small crawler tractor or Farm 
tractor with halftracks....... 


ed snow. The density and the tempera- 
ture are the main variables determin- 
ing the quality of the compacted snow 
road. The vertical axis indicates sche- 
matically what demands different ve- 
hicles have on the road quality if 
they use the road initially with re- 
duced loads. The figure shows also 
the density that is obtained with one 
pass in virgin snow using different 
equipment for compaction (average 
density values are given, individual 
measurements generally range within 
+ 0.05 gm/cm® of the average). 
From the figure it can be seen that 
even if the first pass is made with the 
heavy vibrator, a low temperature is 
required in order that a truck can 
operate on the road. On the other 
hand, one. pass with the open roller 
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Fig. 5. The road breaking capacity of a 
light crawler tractor towing compaction 
equipment. 
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Fig. 6. Nomogram showing the relationship 
between density, temperature and traffic- 
ability of compacted snow 24 hours after 
compaction; the trafficability requirements 
for different vehicles to begin using road; 
the density resulting from one-pass com- 
paction with different equipment. 
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Fig. 7. The change in the density of the 


compacted snow with increasing number 
of passes. 
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gives a road that, in most cases, is 
good enough for horse traffic. 

The relationships in Fig. 6 are based 
on the assumption that the snow is so 
deep that the compacted snow is prin- 
cipally responsible for the trafficabil- 
ity. Further, it is assumed that the 
compacted snow road remains free 
of new snow in the time between 
compaction and start of the traffic. 

Figure 6 shows the density that is 
obtained after one pass with different 
equipment. Figure 7 gives two exam- 
ples of the increase in density with in- 
creasing number of consecutive pass- 
es. The density increases significant- 
ly for each pass for the first three to 
five passes and after that there is lit- 
tle increase in density with additional 
passes. The practical maximum dens- 
ity attainable with the tested equip- 
ment was about 0.50 (+ 0.05) for 
the heavy equipment and a little lower 
for the lighter equipment. Figure 7 
shows also that with two or three 
passes with the lighter equipment, it 
is possible to obtain the same density 
as with one pass with the heavy (and 
more expensive) equipment. Higher 
maximum densities, achieved in the 
field with special equipment, are re- 
ported in the literature (6). This 
equipment is so expensive, however, 
that its use in logging operations must 
be considered uneconomical at the 
present time. Referring again to Fig. 
6, it is seen that even if the maximum 
density is obtained, it still has to be 
rather cold before a truck is able to 
begin to use the road. 

The relationships between traffic- 
ability, density and temperature in 
Fig. 6 are based on the assumption 
that the roads are allowed to harden 
for 24 hours. If a road is allowed to 
lie free from new snow for several 
days, it will, if conditions are kept 
constant, harden considerably, which 
means increased trafficability with 
time. New snow, however, normally 
accumulates on the roadbed. This 
slows down the increase in hardness, 
due mainly to the temperature of the 
roadbed increasing under the insulat- 
ing effect of the snow. Thus the im- 
provement in trafficability with time 
under these conditions may be very 
slight, or not at all. The optimum time 
between compaction and the start of 
traffic has, therefore, to be chosen 
according to the weather conditions 
that occur. 

Table I shows the approximate 
density of the compacted snow which 
must be obtained before different 
vehicles can travel on the road with 
full load under quite unfavourable 
weather conditions (high tempera- 
tures, snowfall). 

Comparing Table I with Figs. 6 and 
7, shows that it is not possible to con- 
struct full traffic capacity roads for 


wheeled vehicles by compacting vir- 
gin snow with the equipment described 
in this paper. The final density need- 
ed must be obtained by the action of 
the traffic or by other means. For 
the case of a truck road, the truck 
can start to haul small loads if the 
temperature is low enough, and this 
traffic will increase the density of 
the road. It may, under unfavourable 
conditions, be necessary to water the 
road or to use lighter traffic, such as 
tracked vehicles, to prepare the road 
to take the truck traffic. There are 
several practical solutions to this prob- 
lem. 

The comparison between Fig. 6 
and Table I should not lead to the 
conclusion that one has to take the 
heavy vibrator for the compaction of 
strip roads for horses. One pass with 
the open roller, preferably with a 
packing sheet, is generally sufficient. 
Even if the weather conditions are 
unfavourable, such a road will nor- 
mally reach full traffic capacity after 
the first trip with a horse pulling a 
sled with reduced load. 


4, Practical Application 


Logging operations in Sweden are 
generally carried out throughout the 
winter. The cutting and the haul, both 
on strip roads and main roads, last 
until the end of March or the begin- 
ning of April. The greatest need for 
an efficient method of road prepara- 
tion occurs when the snow gets deep 
enough to lower considerably the pro- 
duction of the horses and the small 
tractors in the off-road transport or 
primary transportation stage. The 
powered roller has been found very 
useful for preparing roads under these 
conditions and its use is being ex- 
tended. A suitable towing vehicle with 
a powered roller can master most of 
the snow conditions occurring in 
Sweden, where the snow depth only 
locally and occasionally exceeds 45 
inches. For Swedish conditions it be- 
comes profitable to break the strip 
roads for horses with this specialized 
equipment, when the snow exceeds 
about 25 inches (7). 

In Sweden, specialized equipment 
for compaction is not used very ex- 
tensively for preparing the main haul 
roads. Fulltrack or halftrack equipped 
vehicles normally operate on snow 
roads, but they generally prepare the 
road themselves by continuous use 
combined with periodic dragging (2). 
If the haul starts when the snow is 
deep, the powered roller is sometimes 
used to prepare the road initially. 
Main haul roads of compacted snow 
for wheeled farm tractors or trucks 
have occasionally been constructed in 
swampy areas exposed to heavy snow 
drift and have performed satisfactor- 


ily. It should be pointed out that the 
traffic intensity on the truck roads is 
generally very small compared to Ca- 
nadian conditions, often only 2 to 10 
loads per day, and that the trucks are 
generally equipped with self-loaders. 
Besides the roads, landings on land, 
both intermediate and final ones, are 
often prepared by compacting the 
snow with very little other prepara- 
tory work. For this kind of work, ef- 
ficient equipment for compaction is 
becoming quite widely used. 


5. Possible Canadian Use of 
Resulis of Swedish Investigations 


Prior to any discussion of the pos- 
sible application of equipment and 
methods, some general differences be- 
tween Swedish and Canadian condi- 
tions should be mentioned. 


(a) The amount of wood cut per acre 
is generally much higher in Can- 
ada than in Sweden, with the 
result that in Canada there, would 
be more wood and more traffic 
on each road, 

(b) The hauling season in Canada is 
usually shorter than in Sweden 
with the result that the traffic 
intensity on the roads will nor- 
mally be higher. 

(c) The maximum snow depth is 
considerably greater in some 
parts of Canada (8). Even if 
the operations are finished be- 
fore the snow cover reaches its 
greatest depth during the winter, 
the risk of getting very deep 
snow during the hauling season 
is greater for some parts of Can- 
ada than it is in Sweden. 

(d) In the regions where the amount 
of snow presents a problem, the 
frequency of very steep and 
rough terrain is higher in Can- 
ada than in Sweden. 


With these general statements in 
mind, the author presents the follow- 
ing discussion of the possible applica- 
tion of the results of the Swedish in- 
vestigations to selected types of log- 
ging roads used in Canada. 


5.1 Strip Roads for Horses 


Bancroft (9) reports that approx- 
imately 20,000 miles of strip roads 
are broken each winter in Eastern 
Canada, the main part being horse 
roads. At the time of his investiga- 
tion, most of these roads were broken 
by horses and the rest by tractors 
towing logs or simple drags. Let it be 
assumed that: 


(1) The mileage of strip roads for 
horses for some years to come 
averages about 10,000 miles per 
year (considering increased re- 
placement of horses by small 
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tractors or other mechanical 
equipment). 

(2) The snow depth in which the 
roads are broken averages 212 
feet. 

(3) Each piece of equipment for 
breaking the roads is used 25 
eight-hour days per season. 

(4) The slope of the strip roads av- 
erages 10—15 per cent and each 


road is broken once. 


If all the preparations were to be 
done with a small tractor and a pow- 
ered roller plus packing .sheet, daily 
production would be about 6 miles 
per day, giving a yearly production 
of 150 miles per roller. About 60 to 
70 powered rollers would be required 
to construct the roads. One can, of 
course, discuss the validity of the 
above assumptions but this calcula- 
tion should give a rough picture of 
the magnitude of the problem and 
the amount of equipment required. 

It is very difficult to estimate what 
the eventual savings would be if this 
equipment were introduced. One can 
expect an increase in production both 
for the road preparation and for the 
horse haul (due to better road qual- 
ity) which has to be compared to the 
costs for rollers plus accessories. The 
author has not been able to find suffi- 
cient information to allow even ap- 
proximate calculations which would 
be valid for Canadian conditions. 


5.2 Strip Roads and Main Haul Roads 
for Small Tractors 


Most of the small tractors are able 
to prepare their roads themselves. In 
deep snow, however, this work is very 
time consuming and it is possible that 
the powered roller could find useful 
application in Canada in increasing 
the mobility of the vehicles and 
speeding up the road preparation. 


5.3 Main Haul Roads for Trucks 


In Canada, winter roads for trucks 
are usually prepared in the following 
way (9). Bulldozing is done on bare 
ground. After the first permanent 
snow has fallen, the road is compact- 
ed but the main purpose of this is to 
increase frost penetration. Before the 
haul starts, the road is usually dragged 
and graded. During the haul, snow is 
normally removed by plowing. The 
use of a snow road, in the sense that 
it is discussed in this paper, would 
allow a reduction in the preparatory 
ground work. When the snow gets 
deep enough the traffic surface is pre- 
pared with appropriate equipment. 
Even though some successful truck 
hauls have been carried out on snow 
roads in Finland and Sweden, it seems — 


that this technique, in general, would 
not apply successfully to Canadian — 
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conditions, because of the following 
reasons: 


(1) The traffic intensity is generally 
very high, often 20 to 30 trips 
per day. The compacted snow 
can stand only a limited amount 
of continuous traffic, and the 
amount decreases with increasing 
temperature. 

Traffic cannot normally con- 

tinue in thaws that last more 

than a couple of hours. 

(3) The truck haul is usually organ- 
ized so that a separate loading 
unit serves several trucks. The 
loading crew empties one strip 
road after the other. Such an or- 
ganization will suffer consider- 
ably from limitations or breaks 
in the traffic, due to poor traffic- 
ability of the road. 


(2) 


These general statements are not 
meant to exclude the fact that the 
snow road can be useful for a truck 
haul under certain conditions. One 


has, however, to be aware of the prep- 


aration techniques needed and the 
limitations of this type of road. There 
is a potential use for efficient snow 
compaction equipment in the first 
phase of preparation of many truck 
roads, i.e., for the compaction of the 
light snow cover on unfrozen ground 


_ in order to increase forest penetration. 


ICE LANDINGS 


Preparation of ice landings on a 
large scale is a comparatively recent 
activity in the logging operations. 
Earlier, when most of the wood was 
hauled by horses, the naturally formed 
ice was generally thick enough to 
carry the loads. The replacement of 
the horse by tractors and trucks meant 
increased demands on the _ bearing 
capacity of the ice, which initiated the 


_ development of techniques and equip- 


o 


fe 


ment for increasing the speed of the 
ice formation process. 

Systematic investigations in this 
field were started in Sweden in the 
winter 1956—57. Existing equipment 
and methods were examined, a gen- 
eral study of the ice-making problems 
was carried out and recommendations 
and production figures were presented 
to the logging industry (10, 11, 12). 
When the trend towards standardiza- 
tion seemed to be established, a fur- 
ther study was made during the win- 
ter 1959—60. This survey recorded 
details on the techniques and the 
amount of work used for preparing 
landings, on the amount of wood 
placed on the landing, and other in- 
formation collected from about 200 
lan i ngs ; (13). Finally, a study was 
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the frequency of different thicknesses 
of ice, snow and slush. The purpose 
of this study was to develop criteria 
which logging engineers could use as 
a guide in the planning and construc- 
tion of ice landings (14). 

Since the techniques of preparing 
ice landings are very much the same 
in Canada as in Sweden and since 
literature describing Canadian prac- 
tice is available (15, 16, 17), a com- 
plete description of these techniques 
is not required. 


1. Description of Equipment 
and Methods 


1.1 Equipment for Flooding 


In the first half of the fifties the 
most common pump for flooding on 
ice landings in Sweden was the Tyfon 
combined ice auger and water pump 
with a discharge capacity of 30,000 
g.p.h. and a total weight of 130 lb. 
In 1955—56 several combination 
auger and pump units, with a capac- 
ity of 130,000 g.p.h., weighing about 
400—450 Ib., were introduced on 
the market. The development of this 
equipment was a definite step for- 
ward, the direct operating costs to 
flood an area were cut by about 50 
per cent in comparison with the old 
Tyfon pumps. However, the pumps 
have the following disadvantages: 


(1) The hourly cost for the ma- 
chines is relatively high since 
the pumps were designed for 
flooding only and so the number 
of operating hours per year is 
limited. 

(2) The units are heavy and diffi- 
cult to move and handle. A crew 
of 2 men per pump is generally 
required to operate them. 


(3) The units are susceptible to 
breakdowns due primarily to 
combining the auger with the 
pump. 

(4) The ice has to be at least 6 

inches thick before these heavy 

pumps can be operated upon it. 

A jeep or a truck is needed to 

move the units between land- 

ings. 


In 1957—58 a smaller and lighter 
type of pump was introduced. Most 
of these new pumps (Fig. 8) have a 
discharge capacity of 40,000 to 60,- 
000 g.p.h. and a weight of 25 to 45 
Ib. Normally, only one man per pump 
is needed for moving and handling. 
The ice drilling function is separated 
from the pump and as a result, the 
construction is much simpler. For the 
models which are in most common 
use today, the pump screw, or pro- 
peller, is directly coupled to an air- 
cooled two-cycle engine, of horse- 
power between 2.2 and 4.3. The holes 
for these pumps are drilled manually 
or with a powered auger mounted on 
the same type of motor as used for 
the pump. These augers produce a 
hole about 6 inches in diameter, just 
large enough to accept the collar en- 
closing the pump screw or propeller. 
When in place, the pumps normally 
rotate in the hole in the ice at a rate 
of 3 to 6 r.p.m., due to rotation forces 
caused by the screw or propeller. 

With a 60,000 g.p.h., 45 Ib., 4.3 
horsepower pump, the direct operat- 
ing costs per flooded area were about 
40 per cent of the costs for the old 
Tyfon pumps and 80 per cent of the 
costs for the 130,000 g.p.h., 440 Ib, 
combination pumps introduced in 
1955—56 (13). 

Though there is still room for im- 


Fig. 8. A new light screw-type pump for flooding on ice landings (60,000 gp.p.h., 
4.3 horsepower). 
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provement, these pumps are consid- 
ered as acceptable operational units 
for Swedish conditions. The pumps 
have the advantage that the most ex- 
pensive part, the engine, can be used 
as a source of power for brush cut- 
ting saws, outboard motors, fire fight- 
ing pumps, etc., thus having a variety 
of uses in forestry operations. 


General experiences and results ob- 
tained from the investigations on 
flooding pumps are given in the fol- 
lowing paragraphs. Some of the ex- 
periences are a confirmation of Cana- 
dian experience under comparable 
conditions, but they are included in 
order to stress their importance. 


Studies have been made on the 
“optimum flooding time”, which is 
the time that the pump should pump 
at each hole in order to obtain the 
maximum production, measured in 
flooded area per total operating time 
including the time for moving, clear- 
ing the snow, drilling the hole, etc. If 
pumping is continued past this op- 
timum time, the rate of spread of the 
water will decrease due to deforma- 
tion of the ice by the load of the 
water. The optimum time normally 
varies between five and ten minutes, 
depending on the prevailing ice thick- 
ness, snow depth, capacity and han- 
dling time of the pumps and other 
factors (11, 12). Generally speaking, 
if the ice is fairly thick and there is 
little snow, a longer flooding time, up 
to ten minutes, should be used. If 
the ice is thin and if there is much 
snow, a shorter flooding time should 
be used. This is true for the rotating 
pumps or pumps with two opposite 
outlets. When using a_single-outlet 
machine like the one shown in Fig. 8, 
however, under certain snow condi- 
tions it is better to pump in a fixed 
direction for a while and then to turn 
the pump 180 degrees and continue 
pumping. In this case, the observations 
indicate that it is preferable to pump 
5 to 10 minutes in the first direction 
and a slightly shorter time in the op- 
posite direction. 

It is important that the holes in 
the ice are plugged carefully after 
pumping. If not, the water may return 
slowly through the holes leaving air 
spaces between the layers of thin ice 
that are formed. Plugging is often ac- 
complished by placing 1 foot square 
pieces of board over the hole. If snow 
is available, it can be shovelled over 
the board and compacted. The snow 
will ensure more satisfactory plugging 
and quicker freezing of the hole (12). 

Figure 9 shows, for different snow 
depths, some production figures ex- 
pressed in number of acres flooded 
per 8-hour day with pumps of differ- 
ent capacities. These are average fig- 
ures prepared to serve as a basis for 
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Fig. 9. Examples of the daily production 
with pumps of different capacity. 


calculations on the job layout and 
the equipment required (10, 12 and 
unpublished results. 


1.2 Equipment for Compaction 


Snow compaction on ice landings is 
done in many ways. Men on skis or 
snowshoes (Canadian snowshoes have 
been introduced), horses towing logs 
or small loads on single sleds, trac- 
tors towing logs, packing sheets, 
rollers, drags, etc., are used. The Cana- 
dian weasel was, for a long time, the 
most popular unit for snow compac- 
tion on ice landings and also for snow 
road preparation, but it is disappear- 
ing because no new machines are be- 
ing manufactured. 

Mobility problems due to deep 
snow are normally of minor impor- 
tance with respect to the design of 
equipment for snow compaction on 
ice landings (14). The variety of snow 
conditions ,(wind-packed, loose, etc.) 
and the occurrence of slush create the 
greatest difficulties. Compaction with 
a horse or a small tractor pulling a 
rubber tired roller or the packing sheet 
especially developed for use on ice 
landings (Fig. 10) has been found to 
produce the best results (12). 

The packing sheet can be used to 
transport equipment over short dis- 
tances. Its working angle which con- 
trols the specific pressure on the snow 
cover is adjustable and this has proven 


useful when the snow contains slush. 
The weight can be increased easily by 
additional loading. An adjustable scar- 
ifier on the drawbar breaks up snow 
that is windpacked or contains crusts. 
Small additional packing sheets can 
be mounted on either side of the rear 
end to level the banks that generally 
remain between adjacent passes of the 
compactor. This provides a smoother 
snow surface which is valuable if the 
compaction is followed by flooding. 
It has been found that wet or cloggy 
snow sticks to the sliding compactor 
to a lesser degree than to a roller of 
the same material. ; 

Compaction on ice landings is done 


. mostly in snow depths varying from 


5 to 15 inches (14). For this range 
of snow depths, the following produc- 
tion figures were obtained from the 
1959—60 tests for different towing 
vehicles, with rollers 6 to 7 feet wide 
or packing sheets, weighing about 
400—600 lb. each (13). 


acres/ day 
Jeeps or farm tractors 
(four-wheeled 20—30 
Smaller crawler tractors 
with Alfta tracks Bom- 
bardier J5 10—20 
Horses 5—10 


These production figures probably 
seem low for Canadian conditions, 
but it should be recalled that the land- 
ings in Sweden are relatively small. 
One conclusion from the compaction 
studies on ice landings was that 
wheeled vehicles are not only faster 
but also cheaper to operate than the 
tracked vehicles, whenever the snow 
conditions will permit their use (10). 


1.3 Some General Results and Experiences 


The aim of the preparation is gen- 
erally to build up the ice as fast as 
possible. In the choice of methods the 
main factors to be considered are con- 
ditions on the landing, costs, weather, 
and quality of the new ice formed. 

It is a well-known fact that a given 


Fig. 10. A compactor, especially developed for compaction of snow and slush on 
ice landings. 
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thickness of slush freezes faster the 
greater the amount of snow it con- 
tains. This means that the time need- 
ed for solidification of the slush layer 
prepared by compaction plus flooding 
is reduced to about one-third of the 
time required if the snow is flooded 
without compacting. In Sweden, dur- 
ing the early part of the winter, the 
number of consecutive days without 
snowfall is usually small. A new snow 
layer one inch deep deposited on top 
of slush increases by many times the 
time required to freeze the slush. This 
is not only a serious cause of delay, 
but this snow can create adverse con- 
ditions for further preparation of the 
landing. The risk of running into these 
difficulties increases, of course, with 
increasing snow depth at the time for 
the flooding. The critical snow depth 
limit, from the risk point of view, for 
the choice between flooding only and 
compaction plus flooding, generally 
lies between four and six inches. This 
limit coincides very often with the 
critical limit for this choice from the 
economic point of view. The reason is 
that the compaction, a comparatively 
cheap operation, reduces the costs for 
the following flooding, which is rela- 
tively expensive, to such a degree that 
the combined operation is cheaper 
than flooding only, above a certain 
snow depth (10). 

When the thickness of the snow 
exceeds the thickness of the ice, one 
can often flood the snow by simply 
drilling holes in the ice. The weight 
of the snow then forces the ice into 
the water and flooding occurs. The 
speed of flooding and final result of 
this process depends on the snow 
density, the temperature, the distance 
between the holes and other factors. 
This technique can often be used to 
advantage in the preparation of an ice 
landing. In some cases it is possible 
to wet the snow cover completely by 
this method. If the snow is not com- 
pletely wetted one or two days after 
the drilling, the area can be compact- 
ed by men on snowshoes or by horses 
and tractors with suitable compaction 
equipment, chosen according to the 
prevailing bearing capacity of the ice. 
The recommended distance between 
holes is 15 to 40 feet. 


If it is decided to flood the area 
with pumps, the holes required for 
the pumps can be drilled well in ad- 
vance. A certain amount of water 
will then come up and thus reduce 
the amount of pumping necessary to 
wet the snow cover completely. 


Most of the preparation done on 
ice landings results in the formation 
of “snow ice”. The knowledge about 
the properties of this type of ice is 
rather limited. It is common, in Swe- 
den, to assume that the effective 
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thickness of the snow ice for bearing 
capacity calculations is one-half the 
actual thickness. Later studies (10, 
18 and unpublished Swedish ones), 
however, indicate that this results in 
an under-estimation of the strength 
of the snow ice. Measurements have 
further shown that the density of the 
snow ice produced by flooding is often 
only 1 to 3 per cent less than the 
density of naturally formed blue ice, 
provided that the snow is completely 
wetted (water level at or above snow 
surface) when freezing occurs. This 
is generally the case when the flooding 
is done properly (19 and unpublished 
results). 


2. Possible Use of Swedish Results 
in Canadian Logging Operations 


2.1 General Considerations 


Rose and Silversides (16) estimate 
that between 10 and 15 million tons 
of pulpwood, about 5 million cords, 
is placed on ice landings each winter 
in Eastern Canada. Duff (15) gives 
an estimate of 30 cents per cord as a 
representative figure for the prepara- 
tion and maintenance of these ice 
landings. If we use the common rule 
of thumb, 500 cords per acre, this 
would mean that some 50,000 acres 
of ice landings are used each year. 
These figures illustrate the magnitude 
of the labour and associated costs in- 
volved. 

The main difference between Cana- 
dian and Swedish conditions, with re- 
spect to ice landings, is the size of 
the landings. Duff (15) reports that 
the landings in Eastern Canada gen- 
erally range in size from 20 to 200 
acres, while the range in Sweden is 1 
to 50 with the average for tractor and 
truck landings being 6 to 8 acres and 
for horse landings 4 to 5 acres (12). 
While transportation of equipment be- 
tween landings is one of the factors 
that has to be considered in the design 
of equipment for preparing ice land- 
ings in Sweden, this may not be a fac- 
tor for Canadian conditions where the 
equipment may mostly be used for the 
preparation of one landing only. Ex- 
periences, methods and equipment 
are, however, in general directly in- 
ter-changeable. 


2.2 Flooding 


The equipment used today in Can- 
ada for flooding is described in dif- 
ferent papers (15, 16, 17) and is sum- 
marized as follows. The weight figures 
include the weight of the sleighs need- 
ed to operate the pumps on the land- 
ing. 

A. Centrifugal pumps, weighing 100 


lb. and delivering 12,000 g.p.h. 
B. Centrifugal pumps, generally 
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weighing more than 500 Ib,. 40,- 
000 g.p.h. 

C. Tyfon ice auger and water pumps 
of screw type, 130 Ib., 30,000 
g.p.h. 

D. Johnson outboard motors, propel- 
ler type, 145 Ib., 120,000 g.p.h. 


Pumps of type A and B are the 
most common, while type C and D 
are used in some areas. 

During the past winter, the author 
was asked to assist in comparative 
studies of a new lightweight pump 
and auger, two pumps of type A and 
one of type B. The new pump and 
auger was the 60,000 g.p.h., 45 Ib., 
4.3 horsepower screw pump, shown 
in Fig. 8, and a 4.3 horsepower, 45 
lb. powered ice auger which produced 
the 6-inch hole required for the pump. 

Comparison was made of the wet- 
ting capacities of the conventional 
pumps and the new pump equipped 
with a cylindrical nozzle. Each ma- 
chine was allowed to pump 8 to 10 
minutes into 4% inches of compacted 
snow on 25 inches of ice. Table II 
shows the average wetting capacity 
per minute. The new pump is desig- 
nated by the letter T. 


TABLE II 


THE OBSERVED WETTING CAPAC- 
ITY OF DIFFERENT PUMPS 


Wetting Capacity 


Sq ft /min | Relative 


A time study was made to deter- 
mine the size of crew that would like- 
ly be required to operate the new 
pump and the associated auger. This 
study indicated that a crew consisting 
of one man to operate the auger and 
two men each handling two pumps 
would be practical under most con- 
ditions. It is likely that under adverse 
conditions, such as deep snow, one 
man will be required to operate each 
pump. 

The factor which ultimately deter- 
mines which pump should be used for 
preparing ice landings is its operating 
cost. A proper comparison of the total 
operating costs per flooded area for 
the pumps should be based on infor- 
mation obtained from actual opera- 
tions. Since this information is not 
available, however, the following es- 
timate was made to show the approxi- 
mate difference in operating costs for 
a pump of type B, and the test pump 
T. For each pump, one favourable 
and one unfavourable alternative was 
chosen as follows: 


Pump B 


Alt. I Crew: Two men operate the 


pump. The holes are drilled with 
a chisel. The towing vehicle 
needed to move the pump is used 
for this work only. 

Alt. II. Crew: The same as in Alt. I. 
The towing vehicle has other 
work besides (i.e. snow removal 
or compaction), and the time 
required for moving the pump 
amounts to 10 per cent of the 
total operating time for the ve- 
hicle. 


Pump T 


Alt. I Crew: One man with powered 
auger, two men operate four 
pumps. 

Alt. If Crew: One man with powered 
auger, two men operate two 
pumps. 


The following hourly costs for ma- 
chines and mean are assumed: 


Pump B — $2.00, towing vehicle— 
$4.50, 

Pump T — $1.30, powered auger— 
$1.30 and the men $1.90. 


TABLE II 


APPROXIMATE COST COMPARISON 
BETWEEN CONVENTIONAL PUMP 
B AND TEST PUMP T 


PumpB Pump T 

Alt. | Alt. | Alt. | Alt. 

I II I II 

Costs for pump....| 2.00 | 2.00 | 1.30 | 1.30 
Costs for towing 

Weicle, seks wet 4.50 | 0.45 — — 

Costs for auger... . — — | 0.33 | 0.65 

Costs for men. 6 3.80 | 3.80 | 1.43 | 2.85 

Total Costs $ /hour.| 10.30 | 6.25 | 3.06 | 4.80 

Flooded area, rel...| 1.00 | 1.00 | 1.27 | 1.27 


This gives the hourly costs as shown 
in Table II. The results show that 
flooding with the pump T can be done 
at about one-third to one-half the cost 
for pump B. A comparison of the wet- 
ting capacity between the pumps of 
type A and type T, taking into con- 
sideration the crews and associated 
equipment required for their opera- 
tion, indicate that the cost difference 
between A and T are of at least the 
same magnitude as those for B and T. 
These rough calculations indicate the 
possibility that a reduction of about 
50 per cent in the direct operating 
cost is feasible for most of the flood- 
ing done in Eastern Canada today. 
This is comparable to what has been 
achieved in Sweden. 

The outboard motor, which has 
been used for flooding, was not avail- 
able at the tests reported in Table III. 
This system, described by Hughes 
(17), is in many respects comparable 
to the one developed in Sweden and 
the wetting capacity of the 10 horse- 
power outboard motor is equal to the 
capacity of the bigger Swedish pumps. 
It would be interesting to conduct tests 


with the purpose of comparing the 
operating costs and reliability of the 
machines and the handling and work- 
ing techniques. 


2.3 Compaction 


In Canada, as in Sweden, most of 
the compaction of snow on ice land- 
ings is done either to prepare for 
flooding or to improve the trafficabil- 
ity on the landing. The equipment is 
in general the same, with the differ- 
ence, however, that wooden rollers 
with a steel cover are frequently used 
here on jobs where wooden or rub- 
ber-tired rollers or packing sheets are 
used in Sweden. The author does not 
feel competent at this time to judge 
the relative merits of different equip- 
ment because the choice of compac- 
tion equipment is governed largely 
by the local precipitation conditions, 
the towing vehicles available, etc. 


Summary 


The results of some of the investi- 
gations conducted in Sweden on the 
preparation and use of snow roads 
and ice landings are reviewed. It 
would appear that some of the results 
and experiences that were obtained 
have a possible application in Can- 
ada. Regarding snow roads, the main 
area to which the experience might 
be applied is in the preparation in 
deep snow regions of the strip roads 
required for the primary transporta- 
tion stage, suitable for horses and 
small tractors. The powered open- 
roller and the adaption of the frame- 
steering principle to vehicles used for 
road preparation might be considered 
for this type of work. It is possible 
that the constructions, developed and 
found satisfactory for Swedish con- 
ditions, are not the final solution for 
Canadian condition, but they could 
be a useful foundation for further de- 
velopment. The engineering problems 
involved in the design and develop- 
ment of equipment for preparing snow 
roads are discussed in several reports 
of the Research Foundation SDA. 

Because of the severe requirements 
placed on the trafficability properties 
of a road by the weight and density 
of the truck traffic normally en- 
countered in the Canadian logging 
operation, it is unlikely that the ex- 
perience gained on snow road prep- 
aration in Sweden can be applied to 
the construction of the truck haul 
road. There is still a potential use for 
efficient equipment, however, for the 
compaction of snow in order to allow 
frost penetration. Some of the equip- 
ment developed in Sweden, as the vi- 
brating compactor or the “Snow 
Whip”, might be useful for this. 

The introduction of the light, port- 
able, screw or propeller pumps has 
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contributed to a considerable reduc-— 
tion in the costs for flooding of ice 
landings in Sweden. Comparative stud- 
ies and approximate cost calculations 
indicate that comparable reductions 
are also possible in Canada. Consid- 
ering the direct operating costs, the 
possible gain may be as much as 50 
per cent for most of the flooding done 
in Eastern Canada today. Some of 
the equipment used in Sweden for 
snow compaction on the landings 
might also be useful as a complement 
to existing equipment in Canada. 
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